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B\’ellard (RB) \Delta T Prandtl
Pr.
q 1 $\mathrm{j}_{1}$ 1
$T_{\text{ }}x_{1}$
$\mathrm{q}$ $=$ $-\rho_{0}C_{p}\kappa\nabla- T-\rho_{0}C_{p}\gamma_{l}\nabla x_{1}$ (1)
$\mathrm{j}_{1}$ $=$ $-\rho_{0}\gamma_{2}\nabla T-\rho_{0}D\nabla x_{1}$ (2)
$\rho_{0^{\text{ }}}C_{p^{\text{ }}}\kappa_{\text{ }}D$
$\gamma_{1^{\text{ }}}\gamma_{2}.\cdot$ Dufour Soret
u $P$ $z$
Boussinesq
$\frac{\partial \mathrm{u}}{\partial t}+\mathrm{u}\cdot\nabla \mathrm{u}=$ $- \nabla’\frac{P}{\rho_{0}}+\nu\nabla^{2}\mathrm{u}-[1-\alpha(T-T_{0})+\beta(x_{1}-x_{10})]g\mathrm{e}_{z}$ (3)
$\frac{\partial T}{\partial t}+\mathrm{u}$ . T $=$ $\kappa\nabla^{2}’\cdot T+\gamma_{1}\nabla^{2}x_{1}$ (4)
$. \frac{\partial_{21}}{\partial t}.+\mathrm{u}\cdot\nabla\prime x_{1}$ $=\gamma_{2}’\nabla’2T+D\nabla\prime 2_{X_{1}}$ (5)











$-d/2,$ $d/2$ $T=T_{1},$ $T_{2}$ $(\mathrm{u}=0, \partial_{t}=0)$
$T^{\epsilon}(z)$ $x_{1}^{\epsilon}(z)=\eta^{\epsilon}(z)$ –\iota DaT80) $P^{\epsilon}(z)$
0 $=$ $- \nabla\frac{P^{\epsilon}}{\rho_{0}}-[1-\overline{\alpha}(T^{\epsilon}-T_{0})+\beta(\eta^{\epsilon}-\eta 0)]g\mathrm{e}_{z}$ (8)
0 $=$ $\nabla^{2}T^{s}$ (9)
0 $=$ $\nabla^{2}\eta^{\epsilon}$ (10)
(8) $-(10)$ (z)
$T^{\epsilon}(z)=T_{0}- \frac{\Delta T}{d}\approx,$ $r_{1^{S}}(z)=x_{1}^{\epsilon}(z)+ \frac{\gamma_{2}}{D}T^{s}(z)=\eta_{0},$ $\rho^{\epsilon}(z)=\rho \mathrm{o}(1-\overline{\alpha}(T^{\epsilon}(z)-T_{0}))(11)$
$P^{\epsilon}(z)$ $\rho^{\epsilon}(z)$ (8) $T_{0}=(T_{1}+T_{2})/2$ ,
$\Delta T=T_{1}-T_{2},\overline{\alpha}=\alpha(1+S)$ $S=\beta\gamma_{2}/\alpha D$
convection-free state(ll) $P=P^{\epsilon}+\delta p$ ,
$T=T^{\epsilon}+\delta T,$ $\eta=\eta^{\epsilon}+\delta\eta$ (3) $-(6)$
$\frac{\partial \mathrm{u}}{\partial t}+\mathrm{u}\cdot\nabla \mathrm{u}=-\nabla\frac{\delta p}{\rho_{0}}+\nu\nabla^{2}\mathrm{u}+[\overline{\alpha}\delta T-\beta\delta\eta]g\mathrm{e}_{z}$ . (12)
$\frac{\partial\delta T}{\partial t}+\mathrm{u}\cdot\nabla\delta T=\frac{\Delta T}{d}u_{z}+\kappa\nabla^{2}\delta T$ . (13)
$\frac{\partial\delta\eta}{\partial t}+\mathrm{u}\cdot\nabla\delta_{\mathit{7}|}=\frac{\gamma_{2}\kappa}{D}\nabla^{2}\delta T+D\nabla^{2}\delta\eta$ . (14)
. $\mathrm{u}=0$ . (15)
22
$tarrow(d^{2}/\nu)t,$ $\mathrm{u}arrow(\nu/d)\mathrm{u}$,
$\delta Tarrow(\Delta\prime T)\delta T,$ $\delta rlarrow(\Delta T)(\gamma_{2}/D)\delta \mathit{7}|$
$. \frac{\partial \mathrm{u}}{\partial t}+\mathrm{u}\cdot\nabla \mathrm{u}=-\nabla\frac{\delta p}{\rho_{0}}+\nabla^{2}\mathrm{u}+\frac{Ra}{Pr}[(1+S)\delta T-S\delta\eta]\mathrm{e}_{z}$ . (16)
$\frac{\partial\delta T}{\partial t}.+\mathrm{u}\cdot\nabla\delta T=u_{z}+\frac{1}{Pr}\nabla^{2}\delta T$ . (17)
$.. \frac{\partial^{-}\delta r_{l}}{\partial t}+\mathrm{u}\cdot\nabla’\delta\eta=\frac{1}{Pr}\nabla^{2}\delta T+\frac{L}{Pr}\nabla^{2}\delta\eta$ . (18)
. $\mathrm{u}=0$ . (19)
4 :Rayleigh $Ra=\alpha gd^{3}\Delta T/\kappa\nu$ ,
Prandtl $Pr=\nu/ri$ , Lewis $L=D/\kappa$ , $S$





or TW convection) 8wt-%ethanol in
water $27.53^{\text{ }}\mathrm{C}$ $Pr=9.16,$ $L=$ -0.008, $S=$ -0.257 1) $Pr=10$ ,
$L=0.\mathrm{O}1,$ $S=-0.25$ $Ra$
2 (Stationary Overturning
Convection or SOC state) $Ra$ $r=Ra/(Ra)_{c}=r^{*}$ (.
(Ra),. $=1708$) SOC $\mathrm{T}\mathrm{W}$ $Ra$




L\"ucke $\mathrm{M}\mathrm{A}\mathrm{C}$ simulation Galerkin
1: $\mathrm{T}\mathrm{W}$ $(r=1.3, Pr=10, L=0.\mathrm{O}1, S= - 0.25)$ 1
$u_{z}$ 2 T 3 $x_{1}$ MAC simulation(48 $\cross$
96 meshes).
MAC simulation 2
$[]\mathrm{h}$ 2 $\mathrm{u}=(u_{x}, u_{z})$
1 2 simulation
box 48, 96 $\tau=0.5\mathrm{x}10^{-4}[d^{2}/\nu]$
2- $r=2$ SOC simulation
$Ra$ $Ra$






$=$ $- \nabla^{4}\Phi+\frac{Ra}{Pr}[(1+S)\frac{\partial\delta T}{\partial x}-S\frac{\partial\delta\eta}{\partial x}]+\frac{\partial(\nabla^{2}\Phi,\Phi)}{\partial(x,z)}$ (20)
$\frac{\partial\delta T}{\partial t}$ $=$ $- \frac{\partial\Phi}{\partial x}+\frac{1}{Pr}\nabla^{2}\delta T+\frac{\partial(\Phi,\delta T)}{\partial(x,z)}$ (21)
$\frac{\partial\delta\eta}{\partial t}$
$=$ $\frac{1}{Pr}.\nabla^{2}\delta T+\frac{L}{Pr}\nabla^{2}\delta\eta+\frac{\partial(\Phi,\delta\eta)}{\partial(x,z)}$ (22)
$\Phi(x, z, t)$ $=$ $\sum_{r\prime\iota=-\mathrm{A}\mathrm{f}+1}^{\mathrm{f}n=M-1}\sum_{n=0}^{N-1}\gamma_{mn}(t)\exp(\mathrm{i}mkx)\varphi_{n}(z\rangle$ (23)
$\delta T(x, z, t)$ $=$ $\sum_{m=-M+1}^{rn=M-1}\sum_{n=0}^{N-1}\theta_{mn}(t)\exp(\mathrm{i}mkx)\chi_{n}(z)$ (24)
$\delta\eta(x, z, t)$ $=$ $\sum_{\prime n=-M+1}^{\prime n=M-1}\sum_{n=0}^{N-1}\eta_{mn}(t)\exp(\mathrm{i}^{-}mkx)\psi_{n}(z)$ (25)






1 $\text{ }$ 2 $\mathrm{T}\mathrm{W}$ SOC
$\lambda=2\pi/k$ L\"ucke Mirror-glide symmetry:
$\Phi(x, \approx_{\acute{J}}t)$ $=$ $- \Phi(x+\frac{\lambda}{2}, -z, t)$
T($x$ $z,.t$ ) $=$ $-T(x+ \frac{\lambda}{2}, -z, t)$










($r=1.4,$ $Pr=10,$ $L=0.\mathrm{O}1$ , S=-0.25) 1
$u_{z}$ 2 T 3 $x_{1}$ MAC simulation(48 $\cross$
96 meshes).
(23)-(25) (20)-(22) Gaierhn $\mathrm{x}=$
( $.\gamma_{mn},$ $\theta_{mn}$ ,\eta
lx $=\mathrm{f}(\mathrm{x})$ (31)
FFT
IFFT FFT $2M_{0}$ Orszag
$\frac{3}{2}$-rule $M_{0}> \frac{3}{2}M$ (31) spectral simulation
26
$M=33.2M_{0}=128,$ $N=16$ SOC $\mathrm{T}\mathrm{W}$
3 $\mathrm{T}\mathrm{W}$
3: $\mathrm{T}\mathrm{W}$ ($r=1.3,$ $Pr=10,$ $L=0.\mathrm{O}1$ , S=-0.25)
1 \Phi 2 T 3 $x_{1}$ Spectral
simulation$(M=33, N=16)$ Q
$V_{p}$
$\Phi(x, \approx, t)=\Phi(x-V_{p}t, z),$ $\delta T(x,z,t)’=\delta T(x-V_{p}t, z),$ $\delta\eta(x, z, t)=\delta\eta(x-V_{p}t, z)(32)$
(20)-(22) $\xi=x-V_{p}t,$ $z$
$\mathrm{I}_{p}^{r},’\frac{\partial\nabla^{2}\prime’\Phi}{\partial\xi}$. $=$ $- \nabla^{f}4\Phi+\frac{Ra}{Pr}[(1+S)\frac{\partial\delta T}{\partial\xi}-S\frac{\partial\delta\eta}{\partial\xi}]+\frac{\partial(\nabla^{2}\Phi,\Phi)}{\partial(\xi,z)}$ (33)
$- \mathrm{L}_{p}^{r}’\frac{\partial\delta T}{\partial\xi}$ $=$ $- \cdot.\frac{\partial\Phi}{\partial\xi}+\frac{1}{Pr}\nabla^{2}\delta T+$
’ (34)
$-V_{p} \frac{\partial\delta r_{1}}{\partial\xi}$ $=$ $\frac{1}{Pr}\nabla^{2}\delta T+\frac{L}{Pr}\nabla^{2}’\delta\eta+\frac{\partial(\Phi,\delta\eta)}{\partial(\xi,z)}$ (35)
27
&fp $o_{0} \check{\{-}\check{(-}T^{\backslash }\backslash \Leftrightarrow\ovalbox{\tt\small REJECT}\epsilon(23)-(25)\ \prod\overline{-}\mathrm{f}\mathrm{f}\mathrm{i}[]^{\wedge}$.
$\Phi(\xi, z)$ $= \sum_{m=-M+1}^{m=M-1}\sum_{n=0}^{N-1}C_{mn}\exp(\mathrm{i}mk\xi)\varphi_{n}(z)$ (36)
$\delta T(\xi, \approx)$ $= \sum_{m=-M+1}^{m=M-1}\sum_{n=0}^{N-1}T_{mn}\exp(\mathrm{i}mk\xi)\chi_{n}(z)$ (37)
$\delta\eta(\xi, z)$ $= \sum_{m=-M+1}^{m=M-1}\sum_{n=0}^{N-1}E_{mn}\exp(\mathrm{i}mk\xi)\psi_{n}(z)$ (38)
(33)-(35) Galerkin
$V_{p}$ 1 1 $x$
( )
(36)-(38) $\delta$ : $\xiarrow\xi-\delta$
$C_{mn}$ $arrow$ $C_{mn}\exp(\mathrm{i}mk\delta)$ (39)
$T_{mn}$ $arrow$ $T_{mn}\exp(\mathrm{i}mk\delta)$ (40)
$E_{nn}$, $arrow$ $E_{mn}\exp(\mathrm{i}mk\delta)$ (41)
$\Phi(\xi, z),$ $\delta T(\xi" z),$ $\delta\eta(\xi, z)$
$\Im\backslash (C_{1,0}\exp(-\mathrm{i}k\delta))=0$ $\delta=\arctan(\Im(C_{1,0})/\Re(C_{1,0}))$
$\Phi(\xi, \approx)$ $rn=1,$ $n=0$ 0
























$20\cross 40(40\mathrm{x}80)$ MAC sirnulation $r^{*}=1.650^{3)}(1.45^{5)}),$ $8$ wt-%ethanol
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30
4: Rayleigh $r^{*}$ SOC-TW $r_{s}^{TW}$ TW
saddle-node $r_{\epsilon}^{SOC}$ SOC saddle-node
31
$5:’ \mathrm{S}\mathrm{O}\mathrm{C}$ $\mathrm{T}\mathrm{W}$ $\lambda usoc$ SOC least











Rayleigh $k=\pi[d^{-1}]$ $\mathrm{O}$ (42)
$(M=33, N=16)_{\text{ }}\Delta$ (31) spectral simulation$(M=33, N=16)$ .
$+$ MAC simulation $(48 \cross 96\mathrm{m}\mathrm{e}\mathrm{s}\mathrm{I}_{1}\mathrm{e}\mathrm{s})$
33
